
UNCLASSIFIED

Defense Technical Information Center
Compilation Part Notice

ADP015039
TITLE: Overcooling of the Hot Spot of Laser Plasma by Electron
Conductivity

DISTRIBUTION: Approved for public release, distribution unlimited

This paper is part of the following report:

TITLE: International Conference on Phenomena in Ionized Gases [26th]
Held in Greifswald, Germany on 15-20 July 2003. Proceedings, Volume 4

To order the complete compilation report, use: ADA421147

The component part is provided here to allow users access to individually authored sections
f proceedings, annals, symposia, etc. However, the component should be considered within

-he context of the overall compilation report and not as a stand-alone technical report.

The following component part numbers comprise the compilation report:
ADP014936 thru ADP015049

UNCLASSIFIED



pm 42

Overcooling of the Hot Spot of Laser Plasma by Electron Conductivity

S. A. Maiorov
General Physics Institute of Russian Academy of Science, ul. Vavilova 38, Moscow, 119991 Russia

A hot spot of laser plasma is surrounded by extensive region of weakly ionized gas and the elec-
tron conductivity in background cold plasma is main reason for plasma electrons cooling.

Suppose, that hot spot of plasma is surrounded by cold

1. Introduction plasma. Assume, that a cold surrounded plasma has a
mean ion charge z0, electron temperature To<<Tm,,

The possibility of developing a x-ray recombination laser density if ions Ni in hot spot and surround plasma are

by intense, ultrashot laser pulse has been considered in equal. Let the hot spot of laser plasma has radius r0 ,

many papers [1-3]. But a residual energy is determining electron temperature Tmn, mean ion charge z,,,. Propa-

by above-threshold ionization and inverse-bremssrahlung gation of heating wave is described by equation

heating may be significant. Cooling is usually achieved dT 1 9  dT
either by hydrodynamic expansion or by radiative cool- = -- (rsX-),

ing. A hot spot of laser plasma is surrounded by exten- where s=O, 1, 2 for plane, cylindrical and spherically
sive region of weakly ionized gas. Our calculations symmetric cases. A temperature conductivity coefficient
indicate that the main channel of a plasma electrons symmetric as a forathe conductivitycoigof a hot spot is electron conductivity in back- may be writing as x=ar', for the electron conductivity
cooling plaspot n=5/2. Let background electron temperature is To=O and

instantaneous thermal energy put in point r=O at time
t=O.

2. Radiative cooling of laser plasma spot In spherical symmetry case s=2 the solution depends
from self similar variable ý=r/(aQnt)I1(3n+2) and this

Let us estimate the time of radiative cooling for high solution is T(ý)=TC[j1-(r/rff)1 1 ', where thermal heating
residual energy of electrons after laser pulse. front radius is rf=•l(aQ't)I•3n+2), T, - temperature at
The energy withdraw from the electron component due frntera is ý 4 , temperature at
to bremsstrahlung is expressed as [4] center, constant •, --1 , a temperature source constant

Qbs=.54XlO32Z 2 Te" 2NiN W/cm. Q=fJdV [6). A mean temperature of electrons in volume

The energy loss due to photorecombination is expressed inside heating wave r<rf is Trf =3Q/4r r/and one little
as [5] differents from temperature in center T, [6]. Therefore

QprS5.x1- 3 1 Z4
Te1

2
NiNe W/cm 3. for estimation of T, value we will consider

The ratio of specific powers of bremsstahlung and pho- T - f6119

torecombination radiation is QbslQpr=TeI30z2 . For z=7 The validity of this model is districted by condition To<

and Te<J keV photorecombination radiation is predomi- Tc< Tm.. Here Q is a temperature source constant

nant over bremsstrahlung radiation. At first let us con- Q=4rzmax.Nro3Tmax /3 Zo,

sider a low electron density case a coefficient electron temperature conductivity at zo=l is

Ne<Nepr=3.1X1013T,3 .7 S1z cm-3, X=2KeI3N,-6.32Tere/me, where K, is the thermal electron

where photorecombination is predominant collisional conductivity, T,=3.5x1O 4T,312/(A/lO)z2 oN sek is the time

ion-electron recombination [6]. For z=7 and N,=2xlO20  between electron collisions, A - Coulomb logarithm [7].

cm-3 the electron temperature T, pr=5 0 eV is lower When rf<ro, the self similar solution is not correct. In

bound of the low electron density case. The time of this case we can use the estimation for rf as rf=

electron cooling due to photorecombination at initial ro+(Xt)" 2. Therefore for T, value we will consider

electron temperature Te=100 eV is Tph.re=3TeN 2Qpr=l Tp, =3Q/44r(r/+( z,,.J zo-1) ro3) =

ns, the time cooling from I keV is Tph.rec=3 0 ns. Thus the = ZmTm. /(rf/ro3+Zýx Zo-1).

cooling due to bremsstahlung and photorecombination In cylindrical symmetry case s=2 for T, estimation we

radiation in not effective to create overcooled plasma will consider

with z>>]. TC = (Q/at)n+2 - f17,
where Q=7rr0

2 Zma. T,. /Zo . When rf<ro, we will esti-

3. Overcooling by electron conductivity mate rf as rf= ro+(Xt)12 and for mean plasma tem-
perature have

We shall consider the problem, from which it is possible T'= Q fr(r/+( Zrnil ZO-1) r0
2) =

to determine time dependence of hot spot temperature =zmT.. /(r//ro2 +Z,/J Zo-1).

due electron conductivity in surround weakly ionized Plasma temperature depends from time as T, - t '69 for

gas. spherical symmetry and as T, - t 217 for cylindrical
symmetry case. Space picture of plasma spot may be
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very complex in real experiment. Simple formula for [5] V.I. Kogan. Plasma Physics and the problem of
Tj(i) allows to estimate a temperature with good accu- Controllable Thermonuclear Reactions, Vol. 3, ed. by
racy. M.A. Leontovich (Izd. Akad. Nauk SSSR), p.99 (1958)
Table presents same results of calculation [8]. A hot [6] Ya.B. Zel'dovich and Yu.P. Raiser "Physics of
spot plasma parameters ro , T,,, , z,,,, and surround shock waves and high-temperatute hydrodynamic phe-
plasma parameter z0 are taken from experiments for nomena", Moscou, Nauka, 1966.
nitrogen [9], neon [2] and helium [10]. Calculations 1- [7] S.I. Braginskii in Review of Plasma Physics edited
12 are for nitrogen, 1-8 in spherical symmetry and 9-12 by M.A. Leontovich (Consultans Burean, New York,
in cylindrical symmetry, the electron density in hot spot 1965) Vol.1, p. 20 5 .
is N,=2xl020 cm 3 and z,,,=7. Calculations 13-18 are [8] S.A.Maiorov: Bulletin of the Lebedev Physics Insti-
for neon in cylindrical, electron density in hot spot is tute, No. 5 (1997) 3.
N,=1020 cm-3 , z,,,.,=1O . Calculations 19-23 are for [9] A.Ya. Faenov (private communication).
helium in cylindrical symmetry, electron density in hot [10] G.S. Sarkisov, V.Yu. Bychenkov, V.T. Tikhon-
spot is N,=6xlO'9 cm 3 , Z,,,,r=2 . chuk, et all. Pis'ma v ZETF,66 (1(12), p. 7 7 8 (1997).
Recent studies have extended the validity of the electron [11] V.Yu. Bychenkov, W. Rozmus, and V.T. Tikhon-

conductivity equation in collisionless limit by using non chuk: Phys. Rev. Lett., 75(24), p. 4 4 0 5 (1995).
local transport coefficients [11,12]. It makes possible [12] A.V. Brantov, V.Yu. Bychenkov, and V.T. Tikhon-

using of the simple self similar solution in a weakly chuk: Phys. Plasmas, 5, p. 2 7 42 (1998).
collisional regime.

Table

4. Ionization cooling in heating wave N -N ZoJ ro T ... To(t), eV, at time (s)

The velocity of heating wave is rapidly decreased after gm eV 10"3 10"12 10"'' 1" 10-9

30 - 100 jim in our plasma parameters of a hot spot and a 1 1 5 100 49 30 17 9 4

background plasma. The ionization of surrounded gas by 2 1 5 1000 121 62 31 15 7

electron impact is a next possible cause of the hot spot 3 5 5 100 91 51 27 13 7

cooling. For example, the time of ionization is 4 5 5 1000 183 94 46 22 11
"tion='ll/ionNavc =10 ps and this time corresponds to the 5 1 20 100 74 53 33 19 10
time of ionization cooling in heating wave. 6 1 20 1000 254 138 71 36 18

7 1 5 100 60 42 26 15 8
5. Conclusion 8 1 5 1000 200 113 62 33 17

9 5 5 100 86 64 37 20 11
The results of the estimations and calculation permit to 10 5 5 1000 272 146 77 40 21
do the following conclusion. The main reason of plasma 11 1 20 100 82 64 45 29 17
electrons cooling of a hot spot of laser-produced mul- 12 1 20 1000 367 224 128 70 37
ticharged ion plasma is electron conductivity in back- 13 1 5 200 80 50 29 16 9
ground cold plasma. 14 1 5 2000 218 119 63 33 17

15 8 5 200 141 78 42 22 1,7
6. References 16 8 5 2000 307 161 84 44 3

17 1 20 200 123 87 56 33 8
[1] B.M. Penetrante and J.N. Bardsley: Phys. Rev. A, 18 1 20 2000 431 246 135 72 38
43, 3100(1991). 19 1 2 100 42 24 13 7 4
[2] W.J. Blyth, S.G. Preston, A.A. Offenberger et al.: 20 1 2 500 77 41 22 12 6
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[4] V.I. Kogan and A.B. Migdal. Plasma Physics and the 23 0,1 10 500 07 61 34 18 9
Problem of Controllable Thermonuclear Reactions, Vol.
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